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ABSTRACT: Isolates of Citrus tristeza virus around the world differ widely in their biological properties.
These properties may depend on strain mixtures within individual trees. Monoclonal Antibody 13 (MCA13) is
an antibody that detects almost all the severe strains causing Quick Decline and Stem Pitting CTV syndromes.
The objectives of this work were: I) to determine the percentage of CTV isolates reactive to the MCA13
antibody in each Colombian region evaluated and II) to analyze the genetic diversity of isolates from these
regions. In almost all the regions evaluated, CTV MCA13 reactive isolates were identified; however, only one
was found in Mompox area. The coat protein gene was amplified by reverse transcription-polymerase chain
reaction (RT-PCR) and analyzed by single strain conformational polymorphisms (SSCP) patterns. In this work,
at least twelve different dsRNA electrophoretic profiles and seven SSCP different electrophoretic patterns
were identified. At least two different isolates were shown to be a mixture of strains. Non reactive strains to
MAC13 from the Mompox region could be the best candidates for a Tristeza disease cross-protection program.
Key words: virus cross-protection, citrus tristeza disease, Citrus spp., RT-PCR, SSCP.
Caracterización de aislamientos de Citrus tristeza virus de Colombia
RESUMEN: Los aislamientos de Citrus tristeza virus de diferentes regiones del mundo difieren en sus
propiedades biológicas. Esas propiedades pueden depender de mezclas de cepas en el interior de árboles
individuales. El anticuerpo monoclonal MCA13 detecta casi todas las cepas severas que causan los síndromes
de declinamiento rápido y acanalamiento de tallos. Este trabajo tuvo como objetivos: I) determinar el porcentaje
de aislamientos de CTV reactivos al anticuerpo monoclonal MCA13, en cada región Colombiana evaluada y
II) analizar la diversidad genética de los aislamientos provenientes de esas regiones. En este trabajo identificamos
aislamientos de CTV reactivos al MCA13 en casi todas las regiones de Colombia; sin embargo en Mompox,
solamente se encontró uno. La proteína  de la cápside fue amplificada por transcripción reversa seguida de la
Reacción en Cadena de la Polimerasa y los patrones de polimorfismo conformacional de una sola hebra (SSCP)
fueron analizados. Se identificaron al menos 12 perfiles electroforéticos de RNA de doble hebra y siete perfiles
SSCP. Se encontró que al menos dos aislamientos diferentes están compuestos de mezclas de cepas. Las
cepas no reactivas al MCA13 podrían ser buenas candidatas para un programa de protección cruzada.
Palabras clave: protección cruzada en virus, enfermedad de la tristeza de los cítricos, Citrus spp., RT-PCR;
SSCP.
†(Q.E.P.D.) In memoriam of José Peñaranda Valverde
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INTRODUCTION
Citrus tristeza virus (CTV) is a member of the genus
Closterovirus, family Closteroviridae of (+) sense, single-
stranded RNA plant viruses. CTV is a phloem virus
associated with a host range primarily in the genus
Citrus (1). Virus strains induce various economically
important diseases worldwide and are a significant threat
to citrus production (1). CTV produces several
symptoms depending on the host and the bud and scion
combination on graft (1). Main symptoms are quick
decline, seedling yellowing and stem pitting (2).
Vi rus part ic les spread through aphid
transmission and vegetative propagation (1);
Toxoptera citricida is the most efficient vector within
the aphids and is spreading around the world from
South Africa to South America reaching Florida-
USA, Madeira Island, and Mainland Portugal (3).
The complete viral genome sequence is available
(1), allowing for extensive molecular analysis,
detection and strain characterization in several
countries around the world (1).
CTV detection is possible either by polyclonal or
monoclonal antibodies (1). The monoclonal antibody
MCA13 can detect 95% of severe strains causing quick
decline and stem pitting in sweet orange grafted onto
sour orange seedlings (4). In a previous survey made in
Colombia, a CTV incidence of 95% was quantified using
polyclonal and monoclonal antibodies by the ELISA
test (Enzyme linked immunoabsorbent assay) (5, 6),
excluding the Mompox-Bolívar area, where the incidence
was 70%. According to the detection by the monoclonal
antibody MCA13, CTV strains detected in almost all
Colombia were severe excluding Mompox-Bolívar, where
MCA13-severe strains were not found (5).
From the point of view of disease management,
genetic engineering and mild strain-mediated cross-
protection are the only known means for the disease
control (1, 7). Selection for potential effective cross-
protection mild strains is an expensive and time
consuming process (7, 8). Molecular tools may help to
select mild strains in a short period at a low cost (1, 6,
9, 10). Understanding the variation at the molecular
level is of crucial importance to design fast and maybe
cheap means of strain differentiation and selection.
In this research, we measured CTV incidence in
several Colombian Citrus-growing areas and determined
the double stranded ribonucleic acid (dsRNA) and single
strand conformational polymorphism (SSCP) patterns
of the CTV p25 gene from Colombian isolates.
The objectives of this work were: I) to determine the
incidence of the CTV isolates reactive and not reactive
to the MCA13 antibody en each Colombian region
evaluated and II) to analyze the CTV dsRNA patterns
and the coat protein gene p25 diversity by single strand
conformational polymorphism (SSCP) of isolates from
these regions.
MATERIALS AND METHODS
Sampling
Ninety-five isolates were collected in the main citrus
producing areas in Colombia in the departments of
Antioquia (northwest), the region of Mompox-Bolívar
(comprising the departments of Bolivar and Magdalena,
north) and Meta (east). A zig-zag sampling strategy
was followed inside each field. Department, farm, host
(scion-rootstock), age, and visual symptoms such as
healthy or deficient development, vein clearing, quick
decline and stem pitting, were recorded. Green bark
tissue of tree young shoots was removed and ground
in liquid nitrogen until a fine powder was obtained, it
was stored at -60°C for further use (11).
For virus detection, 4ml of extraction buffer were
added to 1g of sample powder, carefully mixed and
incubated for 15 min at room temperature. The mixture
was centrifuged at 5000 g for 10 min and the supernatant
transferred to a clean tube for being used in the
serological tests.
Virus Detection
The virus was detected using the Enzyme Linked
Immunosorbent Assay (ELISA), Agdia Kit test (5). To
detect severe strains, the MCA13 monoclonal antibody
was used (4) in an I-DAS-ELISA test; this antibody
detects almost all the severe strains and has been
widely used around the world (4, 5). The measurements
were carried out in an ELISA reader at 405 nm
wavelength. Positive results were those samples
showing an optical density (O.D./405nm) twice or more
times higher than that of the mean value of the negative
control (5, 12).
DsRNA electrophoretic pattern
Seven grams of bark of infected tissue were collected
in a centrifuge tube, and 12 ml of STE double-strength
buffer (2X STE= 0,2M NaCl; 0,1M Tris; 0,002M EDTA,
pH 6.8) were added together with 15ml of STE-
saturated phenol and 1,5 ml of 10% SDS. The mixture
was shaken for 30min at room temperature and then
centrifuged at 8000g for 20min, the aqueous phase
recovered and adjusted to 16,5% ethanol.
The solution was percolated through a CF-11
cellulose powder column in the presence of STE buffered
with 16,5% ethanol (11). The column was washed with
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100ml of STE-buffered with 16,5% ethanol, and the
dsRNA contained in the washed column was eluted
with 15 ml of ethanol-free STE. The dsRNA in the
collected eluate was precipitated with 2,5 volumes of
95% ethanol and 1/20 volumes of sodium acetate 3M
pH 5.5 and stored at -20°C for one hour or indefinitely.
Precipitated dsRNA was collected by centrifugation
at 8000g for 30min and resuspended in 1 ml of STE,
transferred to an eppendorf tube and ethanol and sodium
acetate precipitated as described, centrifuged at 3000g
for 30min and resuspended in TAE buffer (40mM Tris,
20mM Sodium acetate, 1mM EDTA) (11, 13). The
samples were run on polyacrylamide gel electrophoresis
(PAGE) (6%) for 3h at 100v, and silver nitrate- stained
as described before (14).
cDNA synthesis and cloning.
DsRNA was used as a template for reverse
transcription-polymerase chain reaction (RT-PCR). To
denature the template, a reaction tube containing: 5,0
ml dsRNA template, 500ng of each of two primers
CN150 (5’ATA TAT TTA CTC TAG ATC TAC CAT GGA
CGA CGA AAC AAA) and CN151 (5’GAA TCG GAA
CGC GAA TTC TCA ACG TGT GTT AAA TTT CC) (15);
22,5 ml of HPLC water and 25ml mineral oil overlain,
were heated at 98°C for 5min and chilled on ice. To the
denatured template tube reaction, 10ml of RT 5X GibcoÒ
Buffer, 5ml 0,1M ditiothreitol; 0,5ml Rnasin (40U/ml);
2,5ml DNT‘s mix (10mM); 2,0ml M-V (200U/ml) were
added in a final volume reaction of 50ml and incubated
at 37°C for 60min for retrotranscription.
The cDNA was amplified by the polimerase chain
reaction as follows: 2,5 l of PCR buffer 10X GibcoÒ;
2,5l of cDNA (50ng); 1,25l MgCl2; 1l DNTP’s (10mM),
300ng of each of two primers CN150 and CN 151; 0,625
U Taq DNA polymerase (5U/ml) and 16,875l of HPLC
water in a final volume reaction of 25l. Then the
following thermocycling conditions were used: 94°C for
1min, 55°C for 1min, 72°C for 2min (35 cycles) and a
final extension at 72°C for 10min. After amplification,
the PCR products were separated from the mineral oil
overlain by chloroform (1,5 volumes) extraction.
ThePCR products were analyzed on agarose gel
electrophoresis (1% agarose gel in TAE buffer at 100v
for 40 minutes) stained with ethidium bromide (0,5mg/
) and visualized under UV light at 300 nm (15).
PCR amplified fragments were cloned into pGEM3zf+
plasmid by preparing a T-overhang PGEM3zf+ plasmid.
10mg of Sma I-digested vector were incubated in PCR
buffer (GibcoÒ) with 2mM dTTP and 5U Taq DNA
polymerase at 72°C for 2h. After phenol-chloroform
extraction and ethanol precipitation, the pellet
containing the T-overhang vector was re-suspended in
sterile distilled water and ligated for 16h at room
temperature in 50ml reaction containing 2U of T4 ligase
and ligation buffer as recommended by the manufacturer
(GibcoÒ). Escherichia coli cells were transformed with
the plasmid-insert construct and colonies containing
plasmid-insert were selected with X-gal, following the
standard procedures described by Sambrook et al. (16).
The insert was verif ied by agarose (1%) gel
electrophoresis as described.
Single strand conformational polymorphism,
(SSCP)
SSCP analysis was performed directly for the PCR
products of the coat protein cDNA gene (cp) of Colombian
isolates following the procedure described by Rubio et
al. (9) modified by Morales (17). One microliter of PCR
product was mixed with 9ml of denaturing solution
(950ml/L formamide, 20mM EDTA, 500 mg/L
bromophenol blue), heated for 10min at 99°C and chilled
on ice. Denatured DNA was electrophoresed in a non-
denaturing 80g/L polyacrylamide gel, using TBE (Tris-
borate 89mM, 2mM EDTA, pH 8.0) as electrophoresis
buffer and a constant voltage (200v) for 2,5h at room
temperature (17). The gels were silver nitrate- stained
following the procedures described by Rubio et al. (9),
modified by Morales (17).
To determine if a band pattern from one isolate
corresponded to a single or a mixture of sequences,
the cp gene from isolates M79 (MCA13 non-reactive)
and A01 (MCA13 reactive) were cloned and the
individual clones tested. PCR products were separated
by PAGE, and the band was excised from the
polyacrilamide gel and cloned in plasmid pGEM3zf+,
amplified by PCR and electrophoresed as described
before. Alternatively, a band was excised and directly
amplified by PCR and electrophoresed for SSCP
pattern analysis as described (17).
 Data evaluation and statistical analysis
A binary character matrix was constructed where
the presence of a band in a particular position was
recorded as 1 and absence as 0 (18, 19). The PAST
software version 2.16 (19), was used to calculate the
DICE similarity coefficient between all samples and the
cophenetic correlation coefficient. A cluster analysis
was performed using the unweighted pair group method
with arithmetic mean (UPGMA) based on the Dice index
(19). Bootstrap values (based on 10000 re-samplings)
were used to estimate the reliability of the clustering
pattern.
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RESULTS AND DISCUSSION
CTV incidence
CTV was detected in all the regions surveyed. From
91 samples evaluated by DAS-ELISA test, 75 (82%)
were positive (Table 1). Previous studies showed similar
results, indicating that this disease was well
established in Colombian citrus crops (5). The highest
incidence was found in Meta, followed by the Mompox-
Bolívar region and the department of Antioquia. More
important, from the point of view of disease losses
and management, was the distribution of mild and
severe strains. In Meta, most isolates were positive
to the severe strain detecting with antibody MCA13,
followed by Antioquia and  Mompox-Bolívar (1 sample)
(Table 1).
Most isolates collected in Mompox-Bolívar were mild,
confirming previous results and pointing out the
importance of this region as a source of potential mild
strains for cross protection (5) (Table 1). In a previous
survey, Peñaranda and collaborators (unpublished
results) collected 18 seedlings pre-infected with MCA13-
non-reactive strains in the region of Mompox-Bolívar
and planted them in Meta, in a farm previously identified
with 100% incidence of CTV and Toxoptera citricida as
the most frequent vector (5). Non-infected seedlings
were used as negative controls. In this study, samples
from this experiment were collected and evaluated by
using monoclonal and polyclonal antibodies as
described in Materials and methods.
After six years, the trees pre-infected with mild
strains were growing without external symptoms and
all the controls died except one. The standing control
tree showed external symptoms of quick decline. ELISA
tests were positive for both monoclonal and polyclonal
antibodies confirming infection of trees by a severe
strain. All the trees pre-infected with mild strains from
the region of Mompox were positive to MCA13
suggesting that they had acquired severe strains in the
department of Meta by natural mechanisms of infection.
Although all the samples were positive by DAS-ELISA
using MCA13, the trees pre-infected with mild strains
did not showed external symptoms at the time the
samples were taken.
DsRNA electrophoretic pattern
Twelve different dsRNA electrophoretic patterns were
found indicating variability between isolates. All the
isolates tested showed two characteristic dsRNA bands
of 13,3 x 106 Daltons (Da) (replicative form of the viral
genome) and 0,8x106 Da (replicative form of the coat
protein gene p25) respectively (11, 13) (Figure 1).
Six different patterns were present in the isolates
from Antioquia. A band of 0,5 x 106 Da was detected in
all of them except one. Furthermore, all isolate having
this band was MCA13-positive. In previous studies, the
presence of this band (0,5 x 106 Da) was correlated
with MCA13-reactive strains (4, 11) exhibiting seedling
yellowing and stem pitting symptoms in grapefruit (11,
13). Seven different patterns were detected from the
Mompox-Bolívar region and twelve in the isolates from
the Meta region. In general, a more complex pattern
was present in MCA13-reactive isolates than in the non-
reactive ones (Figure 1).
Single strand conformational polymorphism,
(SSCP)
Using the SSCP method, a single base mutation
could be detected (9) without sequencing saving money
and time. Seven different SSCP patterns were identified
in the isolates collected. The more complex patterns
corresponded to the isolates from Antioquia (Figure 2).
As for dsRNA results, MCA13-reactive strains in general
showed more complex SSCP patterns than non MCA13-
reactive strains (Figure 2). To identify a possible strain
mixture, the CTV coat protein gene from isolates A01
(MCA13 reactive) and M79 (MCA13 non-reactive) were
cloned and the SSCP patterns between an individual
TABLE 1. Number and percentage of positive samples for Citrus tristeza virus./ Número y porcentaje de muestras 
positivas para Citrus tristeza virus 
 
* Virus was detected using Enzyme Linked Immunosorbent Assay, ELISA, Agdia Kit test. 
Colombian 
Department-
Region 
 
Number of 
Samples 
 
CTV positive* 
Percentage of 
positive samples 
by ELISA 
Monoclonal 
antibody MCA13 
positive 
Percentage of 
MCA13 positive 
samples 
Antioquia 46 36 78 28 61 
Meta 31 28 90 28 90 
Mompox-Bolívar 14 11 79 1 7 
Total 91 75 82 57 63 
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clone and the original isolate compared. Two bands in
the clone SSCP pattern and three (M79) or four (A01)
in the corresponding isolates were found (Figure 3).
A similar result was obtained when a band was
excised from the polyacrylamide gel and the SSCP
pattern compared with the corresponding isolate. These
results indicated that some isolates were composed of
a strain mixture and that Tristeza disease could involve
4361 bp
 
 
 
 
 
2322 bp
2027 bp
564 bp
1000 bp
FIGURE 1. dsRNA electrophoretic patterns of Citrus tristeza virus Colombian isolates. Lane 1: Molecular weight marker,
1Kb DNA ladder. Lanes 2-6, isolates A22, A18, A16, A12, A11, respectively. Lane 7: molecular weight marker l Hind III. PAGE
6%, silver nitrate- stained./ Patrones electroforéticos de dsRNA de aislamientos Colombianos del virus de la tristeza de
los cítricos (Citrus tristeza virus). Línea 1: marcador de peso molecular, escalera de 1Kb. Líneas 2-6, aislamientosA22,
A18, A16, A12, A11, respectivamente. Línea 7, marcador de pesos molecular l Hind III. PAGE al 6%, teñido con nitrato de
plata.
1 2 3 4 5 6 7
FIGURE 2. Single strand conformational polymorphisms of the CTV coat protein cDNA gene from Colombian isolates. 8%
PAGE, silver stained. C+: positive control, PCR product from the CTV cloned CP cDNA gene. Isolates evaluated M71, M72,
M74, M75, M77, A11, A12, A16, A18, A22, M79, M83./ Polimorfismo conformacional de una sola hebra (SSCP) del cDNA
del gen que codifica la proteína de la cápside del virus de la tristeza de los cítricos (Citrus tristeza virus) (CTV) de
aislamientos Colombianos. PAGE al 8%, teñido con nitrato de plata. C+: control positivo, productos de PCR del cDNA
del gen que codifica la proteína de la cápside de CTV. Aislamientos evaluados M71, M72, M74, M75, M77, A11, A12,
A16, A18, A22, M79, M83.
a complex rather than an individual strain of CTV. It is
probable that most isolates evaluated by SSCP and
dsRNA were composed by several strains since most
patterns were complex. Interestingly, in the Mompox-
Bolívar region, most isolates were MCA13 non-reactive
(Table 1) and exhibited only two bands in the SSCP
pattern compared with the complex patterns from
Antioquia and Meta (Figure 2).
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All the citrus trees pre-infected with mild strains from
the region of Mompox and planted in the Meta
department were positive to MCA13, indicating that they
could have had a mixture of mild (pre-infected) and
severe (in-field acquired) strains. Furthermore, biological,
biochemical and molecular evidences of infection of
individual trees by several different strains of CVT had
been reported before (20, 21, 24).
Tristeza disease may have components of several
strains and strain interactions can be very complex
(22). The CTV virion contains a monopartite positive-
sense RNA genome (22). RNA viruses can evolve very
fast but evidence of slow evolution of CTV has been
found (23). The molecular analysis of isolates can be
difficult for the presence of many strains in an individual
tree. Sophisticated molecular techniques have been
developed to detect and characterize RNA viruses, but
most of them require expensive equipment and skilled
scientists (20, 24, 25). Virus gene amplification by PCR
followed by SSCP analysis discriminates precisely virus
strains using a simple technique (6, 9). It is important
to clone genes for future studies to avoid any interference
caused by a mixture of strains.
The dendogram showed 13 divisions, three
corresponded to groups with similar isolates (Figure
4). Isolates A1, A2 and A3 clustered together and were
collected in Antioquia from lime cv. Tahiti; a second
cluster with isolates A12, A16 and A22 collected in
Antioquia from orange cv. Valencia; isolates in this group
showed a complex SSCP pattern (Figures 2). A third
group was integrated by isolates M71, M72, M75 and
M77 collected in Mompox-Bolívar from orange cv.
Margarita. This group exhibited a simple SSCP pattern
(Figure 2). Isolates A4, A10, A11, A18, M10v, M74, M79,
M81, M83 and M87, plotted at independent points
suggesting diversity compared to themselves and to
the other three groups (Figure 4). Most isolates plotting
independently showed a complex SSCP pattern (Figure
2) indicating a possible strain mixture.
From Mompox region, we identified potential mild
strains that could be evaluated against severe strains.
These strains have been sequenced (5, 6) and
characterized by other methods like polyclonal and
monoclonal antibodies and dsRNA (5). In this study,
SSCP patterns that can help for further strain
differentiation are shown.  At least for two isolates, the
evidence indicated that they were composed of a mixture
of different strains in an individual tree. The SSCP
method is an economic and fast technique to test the
strain mixture within an individual tree.
CTV is well established in all the Colombian citrus
growing areas ev aluated. The social ly and
economically acceptable disease management
strategy in the short term is mild strain cross-
protection; this type of control requires a simple
procedure for the selection of potential mild strain
FIGURE 3. SSCP patterns from an individual CTV CP clone and from an isolate. A. Lane 1 shows the SSCP pattern of the PCR
product of the CP cDNA gene amplified from Isolate M79 using purified dsRNA as template. Lane 2 shows the SSCP profile
obtained from the PCR product amplified using the CP cloned gene from isolate M79 as template. B. Lane 1 shows the SSCP
pattern of the PCR product of the CP cDNA gene amplified from Isolate A04 using purified dsRNA as template. Lane 2 shows
the SSCP pattern of the PCR product amplified from one excised band from Lane 1, isolate A04./ Patrones de SSCP de un
clon individual del cDNA del gen que codifica la proteína de la cápside de CTV y de un aislamiento. A. La línea 1 muestra
el patrón SSCP del producto de PCR del cDNA del gen que codifica la proteína de la cápside amplificado a partir del
aislamiento M79 usando como molde dsRNA purificado. La línea 2 muestra el perfil SSCP obtenido del producto de PCR
amplificado usando el gen que codifica la proteína de la cápside clonado a partir del aislamiento M79 como molde. B.
La línea 1 muestra el patrón SSCP del producto de PCR del gen que codifica la proteína de la cápside, amplificado a
partir del aislamiento A04, usando dsRNA purificado como molde. La línea 2 muestra el patrón SSCP del producto de
PCR amplificado a partir de una banda cortada de la línea 1, aislamiento A04.
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candidates to overcome the long greenhouse period
of evaluation before field tests. The first example for
Colombia of a field assay of mild strain cross-protection
was carried out in the Meta Departmet. Because of
the favorable conditions in Meta fields for the
development of Tristeza disease, these results are
promising. Mild strains from Mompox-Bolívar are
characterized at the biological and molecular level and
constitute the best candidates to be tested in a program
of cross-protection in a large scale in the near future.
CONCLUSIONS
CTV disease is established in Antioquia, Meta, and
Mompox Colombian regions. Incidence of CTV is 84%;
incidence of severe strains is 62% (MCA13-reactive).
In two cases, evidence of several strains within one
individual tree was found. The SSCP analysis is useful
to determine the presence of a mixture of CTV strains
in an individual tree. Mild strains from the Mompox-
Bolívar region are the most promising strains for a cross-
protection program in Colombian citrus fields.
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